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Macrocyclic triamine derived glucose analogues for 99m
Tc(CO) 3 
labeling: synthesis and biological evaluation as potential tumor-imaging agents
Teli Liu | Qianqian Gan | Junbo Zhang
Glucose is an important molecule in metabolism; an increased glucose metabolism is common in malignant tissue than in normal cells. [1] Molecular imaging with glucose derivatives is a useful tool to detect, stage and monitor the therapy response of various malignant neoplasm. [2, 3] [14] reported its preparation. It has the advantages of easy preparation, readily substitution of the water molecules by a variety of functional groups, small size and inertness. So far, the tricarbonyl core has been successfully used for the labeling of biologically relevant molecules with a large variety of ligands. [15, 16] [15] The copper-(I)-catalyzed 'click chemistry' by reacting azide with terminal alkyne to form 1, 2, 3-triazoles is used in the area of bio-conjugation reactions.
As it is a quick, selective, efficient, and reliable chemical reaction and easily generates new structure by joining small building blocks, its wide applications in radiopharmaceuticals field are also explored. [15] [16] [17] [18] In this study, two 1, 5, 9-triazacyclododecane derivatives containing a glucose group (6 and 7) were successfully synthesized via 'click chemistry ' 
| METHODS AND MATERIALS
| General chemistry
All chemicals were purchased from commercial sources and used without further purification. 99 
| Chemical synthesis
| Synthesis of 4
Compounds 1 and 3 were prepared according to the literature methods. [19, 20] The compound 4 was synthesized using a 'click chemistry' route. The synthetic process was as follows: To a solution of compound 1 (1.0 mmol, 373 mg) and 3 (1 mmol, 426 mg) in THF (20 mL 
| Synthesis of 5
Compound 2 was prepared according to the literature methods. [21] Following the same procedure as used in the synthesis of 4, the compound 5 was synthesized using compounds 2 and 3 as the reacting materials to produce the desired product 5. 
| Synthesis of 6
Compound 4 (0.5 mmol, 392 mg) and sodium methoxide were dissolved in 20 mL of methanol, and the mixture was stirred for 6 h at room temperature. Then, 1 mol/L HCl was added to adjust the pH to 3-4 and the mixture was reacted at 60 °C for 4 h. After reaction, the solvent was removed under reduced pressure and 10 mL of methanol was added to the residue to get insoluble solid. Finally, the solid was dissolved in H 2 O (5 mL) and 1 mol/L NaOH was utilized to adjust the pH to neutral. 
| Synthesis of 7
Following the same procedure as used in the synthesis of 6, the compound 7 was synthesized using compound 5 as a reacting material to produce the final product 7. 
| Radiolabeling and quality control
The preparation procedures for Tc(CO) 3 complexes were evaluated by TLC and HPLC. The TLC was performed on a polyamide strip and eluted with acetonitrile. The HPLC analytical conditions are shown in Table 1 .
| Stability studies
The stabilities of the 99m Tc(CO) 3 complexes were assayed by measuring the radiochemical purity (RCP) in the reaction mixture for 6 h at room temperature. To estimate the stability in serum, 0.1 mL of 99m Tc(CO) 3 complex was added to 0.5 mL of fresh prepared mice serum, and then the mixture was incubated at 37 °C for 6 h. The mice serum was prepared as follows: A mouse was killed by neck dislocation, then the blood was quickly collected and centrifugalized at 10 000 g for 5 min, and finally, the supernatant was collected. After incubation, the serum protein was precipitated by the addition of 0.5 mL of methanol, and then the supernatant was obtained by centrifugation at 10 000 g for 5 min and concentrated for analysis. The RCP of the 99m Tc(CO) 3 complexes was analyzed by HPLC.
| Partition coefficient
The partition coefficient (log P) between 1-octanol and phosphate buffer (0.025 mol/L, pH 7.4) of the complexes was measured to evaluate their lipophilicity. The determination of partition coefficient was conducted by the literature method. [22] 99m Tc(CO) 3 -6 or 99m Tc(CO) 3 -7 was mixed with an equal volume of 1-octanol and phosphate buffer (0.025 mol/L, pH 7.4) in a centrifuge tube. The mixture was vortexed at room temperature for 3 min and then centrifuged at 10 000 g for 5 min. Three samples (0.1 mL each) from each layer were counted in a well gamma γ-counter. The partition coefficient, P, was calculated as the mean value of counts per minute in octanol divided by that in the buffer. Usually, the final partition coefficient value was expressed as log P.
| Human serum albumin binding assay
This assay was conducted according to the literature. [23] Ten microliters of 99m Tc(CO) 3 -6 or 99m Tc(CO) 3 -7 (370 KBq) was added to 100 μL of human serum albumin (200 mg/mL), and then the mixture was incubated at 37 °C for 2 h. After incubation, 1 mL of trichloroacetic acid solution (250 mg/mL) was added to precipitate the serum protein. The supernatant and precipitate were separated by centrifugation at 10 000 g for 5 min. Then, the radioactivity of each phase was measured separately. This experimental procedure was repeated three times, and the percentage of human serum protein binding was calculated using the following equation:
Serum protein binding % = (cpm in precipitate)∕ (cpm in precipitate + cpm in supernatant) × 100%.
| Biodistribution study
The Kunming mice (18-20 g, five animals per group) bearing S180 tumor were injected via a tail vein with 99m Tc(CO) 3 
| RESULTS AND DISCUSSION
| Synthesis
The functionalized glucose derivatives and bifunctional chelator [12] aneN 3 were prepared with common synthetic approach. As is shown in Scheme 1, the target products (6 and 7) were successfully synthesized via 'click' reaction for the first time. The ligand 6 was a C-1-substituted glucose derivative, while ligand 7 was a C-2-substituted glucose derivative. They were identified by 1 H-NMR, 13 (Figure 2 ). Two peaks were clearly recognized, suggesting they can be distinguished by HPLC. A single peak was appeared, suggesting only one product ( 99m Tc(CO) 3 -6 or 99m Tc(CO) 3 -7)
| Radiolabeling and quality control
was formed, which is shown in Figure 1 ). The specific activities of the products were about 15.32 MBq/μmol. The mean radiochemical purities of the products were over 95%, suggesting they could be used for in vitro and in vivo studies without further purification.
S C H E M E 1
Synthesis of the final product 6 and 7
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| Stability studies
The stabilities of 99m Tc(CO) 3 complexes were assayed by measuring the RCP after preparation for 6 h at room temperature and incubating in mice serum at 37 °C for 6 h. The HPLC chromatograms (Figure 3) showed that the 99m Tc(CO) 3 complexes were stable both in solution at room temperature and in mice serum at 37 °C for 6 h. This results suggested they had good in vitro stabilities and this was in accordance with the reported 99m Tc(CO) 3 12N3 complexes.
[15]
| Partition coefficient
The partition coefficient results showed the Log P values of 99m Tc(CO) 3 -6 and 99m Tc(CO) 3 -7 were −1.02 ± 0.01 and −1.36 ± 0.02, respectively, suggesting both of them were hydrophilic. Furthermore, 99m Tc(CO) 3 -7 was more hydrophilic than 99m Tc(CO) 3 -6.
| Human serum albumin binding
The results showed that the percentages of human serum protein binding of 99m Tc(CO) 3 -6 and 99m Tc(CO) 3 -7 were 51.3 ± 1.0% and 49.6 ± 0.6%, respectively, suggesting there was no great difference between the two complexes. Moreover, the percentages of human serum protein binding for 99m Tc(CO) 3 -6 and 99m Tc(CO) 3 -7 were higher than the value of 99m Tc-ethylene diamine tetraacetic aciddeoxyglucose ( 99m Tc-EDTADG) (23.51 ± 1.14%).
[7]
| Biodistribution studies
The biodistribution results of 99m Tc(CO) 3 -6 and 99m Tc(CO) 3 -7 are shown in Table 2 . As shown in Table 2 , 99m Tc(CO) 3 -7 showed higher tumor uptake (2.22 ± 0.25%ID/g at 0.5 h p.i.) and better retention (1.29 ± 0.06%ID/g at 4 h p.i.) than 99m Tc(CO) 3 -6. The tumor-to-muscle ratio of 99m Tc(CO) 3 -7 was high, which reached 10.75 at 4 h p.i. Due to its higher blood uptake, 99m Tc(CO) 3 -7 had a lower tumor/blood ratio than 99m Tc(CO) 3 -6. The activity accumulated in the kidney and liver, which showed that the major routes of excretion Tc(CO) 3 -7 were performed in Kunming mice bearing S180 tumor. Tc(CO) 3 glucose derivate was carried out in C57BL/6 mice bearing 3 LL lung carcinoma. This comparison is a relative comparison because of different kinds of the tumors and the heterogeneity in animal models. As shown in Table 3 , at 2 h post-injection, the uptakes of Tc(CO) 3 -6 (0.37 ± 0.02%ID/g). As for the tumor-tomuscle ratio, 99m Tc(CO) 3 -7 was also superior to the others. However, the tumor-to-blood ratio of 99m Tc(CO) 3 -7 is less than that of 99m Tc(CO) 3 -6 and nearly equals to that of 99m Tc(CO) 3 glucose derivate. As a good tumor-imaging agent, its detectability of tumor depends on both the absolute tumor uptake and tumor-to-non-target ratio. From the above points of view, 99m Tc(CO) 3 -7 sounds more potential usefulness as a tumorimaging agent and needs further investigation.
| CONCLUSIONS
In this study, two novel glucose derivatives 6 and 7 were synthesized via 'click chemistry' route and radiolabeled with [ 99m Tc(CO) 3 
